Abstract-In recent years there have been intensive efforts in robotics researches from the earliest stages of education. Subject of this paper is a powerful mobile robot communication and control framework for USARSim simulator that can be used both for research and education. Mobile Robots Communication and Control Framework (MCCF) is developed in order to offer faster and easier communication process with the USARSim server within Matlab that differentiates it from most existing basic open source control interfaces. Most notably, it takes the advantages of easy integration with other analysis and control methods that have been provided in Matlab tool-boxes. MCCF enables communication and control of a wide range of robots platforms including but not limited to wheeled-robots, legged-robots, submarine robots and aerial robots. In this paper we describe its general architecture, features and examples of utilization for researchers who are interested in mobile robot simulations for education and research.
I. INTRODUCTION Nowadays robots have a remarkable impact on many aspects of modern industrial manufacturing, healthcare, transportation, and exploration of the deep space and sea. The same as today's personal computers, robots are going to be pervasive and personal [1] . In recent years there have been continuous efforts to facilitate robotics researches from the earliest stages of education. Different annual student-centric competitions like RoboCup [2] attract thousands of enthusiastic juniors and seniors participators from all over the world.
Obviously robotics education requires a significant amount of facilities like equipment, specialized supporting personnel, lab space and so on. Because of the advantages of computer simulation, nowadays researchers often resort to evolution in simulation and transfer the evolved controllers to the physical robot [1] , [3] . Computer simulations provide a low-cost mechanism to explore the larger behaviour or a robot or system. Numbers of software packages have been developed to provide dynamic simulation capabilities for robotic systems [4] . Among the most commonly cited simulators Urban Search and Rescue Simulation (USARSim) [5] is a well understood, accepted, open source, and free simulator in research and education. Different basic open source control interfaces like Usar-UI, USAR Control Interface and Iridium are available in different languages like C++ and Java to communicate with USARSim server and control the robots [6] . Although they can be helpful for people who are unfamiliar with USAR commands to get started quickly, implementation of different computational and intelligent methods for processing the information and controlling the robots is a time consuming process in those languages. In this paper we introduce a powerful mobile robot communication and control framework (MCCF) which has been developed in Matlab. MCCF makes the communication process with the USARSim server easier and faster. Since MCCF is implemented in Matlab, it can be easily integrated and take advantages of other analysis and control methods that have been provided in Matlab tool-boxes. MCCF with USARSim has potential to provide the necessary robotic tool for both research and education.
This paper is structured as follows. Section II briefly reports on USARSim's technical design and available basic control interfaces and frameworks for communicating with USAR server and controlling the robots. This paper introduces the MCCF architecture, its features and advantages in section III. Section IV illustrates the MCCF's efficiency in performing a complex humanoid robot learning task. Conclusions are presented in section V.
II. USARSIM AND RELATED WORKS
Simulation environments enable researchers to focus on the algorithm development without being worried about the hardware aspects of the robots. Physical fidelity of simulators depends on their physics engine. Simulating the complex environments and sensors is difficult and rarely can find enough accurate simulators for robotic systems. Numbers of software packages have been developed to provide dynamic 3D simulation capabilities for robotic systems. While many of them are at a relatively high cost, some are offered open source and free to the user. Among those commonly cited open source or relatively low cost simulators, USARSim is a well understood, accepted and open source simulator. USARSim is an excellent research tool for the study of human-robot interaction (HRI) and multi-robot coordination [7] . USARSim is a high fidelity computer simulation, developed by the University of Pittsburgh for physical robot simulation in disaster situations. The simulation replicates the National Institute of Standards and Technology (NIST) standard test bed for Urban Search and Rescue (USAR).
USARSim has interesting characteristics that currently have not been offered in one set by any other simulator. It handles physical simulation and hyper realistic rendering by using the 978-1-4577-1967-7/12/$26.00 ©2011 IEEE
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Unreal Tournament game engine [8] which is one of the state of the art commercial game engines. Since the simulator is available for free under the GPL terms it is highly configurable and extendable to model new robots, sensors and environments. USARSim is an independent platform that runs on Windows, Linux or Mac operating systems (OSs).
In term of accuracy, quantitative evaluations show a close correspondence between results obtained within USARSim and with the corresponding real world system or sensor [9] , [10] . Recently USARSim has been chosen as a simulation infrastructure for a RoboCup Virtual Robots competition [11] as well as the IEEE Virtual Manufacturing Automation Competition [12] . This creates a group of highly skilled users that eventually release their developed code to the scientific community for its widespread dissemination.
In 2006, the RoboCup Rescue competition created a simulation league using USARSim. There are lots of work and ongoing projects using USARsim which can be helpful for similar applications. Details about the installation of USARsim up on the UT2004 and its latest version are available on USARSim wiki website [5] . The core of the USARSim is the simulation of the interactive environment, the robots, and their sensors and effectors.
A. General Architecture
USARSim uses Unreal Tournament game engine [8] for handling physics and graphics, and virtual robots have capability of sensing (IMU, image, laser range finder, etc.) and actuation (wheel, motor, etc.) with data processing capability (image recognition, SLAM, etc.) in artificial environments. Because of the increasing attention to the USARSim, the range of available mobile robot platforms have grown significantly. Currently different types of robots like Legged Robots (Sony QRIO, Nao and ERS), Submarine Robots and Aerial Robots are also available. Simulated robots have different sensors and actuators which make them capable of sensing, processing and manipulating the artificial environments. Fig. 1 shows some simulated robots in USARSim.
USARSim architecture is visualized in Fig. 2 . Gamebots in its architecture is a modification to Unreal Tournament [14] that is built by researchers to bridge Unreal engine with outside Robot Controllers are the user side application that can be used for researches such as robotics study, team cooperation study and human robot interaction study. The controller first connects with the Unreal server and then it sends command to USARSim to initialize a robot. After the robot was initialized in the simulator, the controller can receive the sensors data and send commands to control the robot. The client/server architecture of Unreal, makes it possible to add multiple robots in to the simulator. However, since every robot uses a socket to communicate, the controller must create a connection for each robot. They can initialize agents which can move and interact with the simulated environment. In addition, users can make their own controller application to control robots inside the simulated environment. Any language capable of reading and writing a TCP/IP socket can be used to connect to the USARSim server, initialize the robots in different maps, sending controlling commands, receiving and parsing sensory data.
B. Related Control Interfaces
Different basic control interface programs like Usar-UI [15] and Iridium [16] are available in different languages like C++ and Java. They can be helpful for people who are unfamiliar with USAR commands to get started quickly. They work as controlling consoles by visualizing the robot sensors and translating the user desires into USAR messages. Users can control the robots using GUI, command line interface and even an external input device such as a joystick. USARSim also can be interfaced with some other popular middleware like MOAST [17] , [18] , Pyro [19] and Player [20] .
III. MOBILE ROBOT COMMUNICATION AND CONTROL FRAMEWORK (MCCF)
Inspite of all advantages that the available control interface programs provide for robotic researchers, implementation of different computational and intelligent methods for processing the information and controlling the robots is still a challenging and time consuming process. MCCF was developed in order to facilitate the communication and control process in Matlab. With MCCF a single language can be used to program many different robots. It allows students to experiment with variety spectrum of mobile robots and different information processing and controlling methods while using a single language and environment.
A. Framework Architecture
MCCF is implemented in a hierarchical architecture. The layers of this architecture are as follows:
1) User Matlab Programs: The Matlab Programs are user written and use User Library of the MCCF within the Matlab functions and tool-boxes. These Programs are not part of the framework. However, the control framework provides functions to communicate and control multiple robots in simultaneously.
2) User Library: The User Library contains functions to initialize new robots, read sensory data and send commands to the robot and server. This Library is implemented entirely in Matlab in order to simplify working with the Communication Java Classes.
3) Communication Java Classes: Gamebots bridges the Unreal engine with outside client applications. It allows any language capable of reading and writing a TCP/IP socket to connect to the USARSim server. Matlab is not an exception and it is possible to connect to the USARSim server using its "TCPIP" object. Although sending and receiving packets of data over TCP/IP in Matlab is possible by creating a TCPIP object, communication process in MCCF was implemented in some Java classes in order to use threads to send commands, receive and pars sensory data. These Java class are easily accessible within Matlab commands using User Library. These classes implement different variables like, SENINS and SENTouch that are automatically being updated within a thread.
B. Multi Robot Control Advantages
Different popular techniques in robotic learning and control which can be easily parallelize like Swarm systems and Evolutionary Algorithms (EAs) can take the advantage of multithreading to accelerate their process. On the other hand, the time consuming process of receiving and parsing sensory data needs to be implemented in the form of a thread. It helps to reduce the complexity of the programming. It allows users to harvest the maximum processing power of today's multi core CPUs. Although Matlab does not support multithreading, every installation of Matlab includes Java Virtual Machine (JVM) software. So that, it is possible to use the Java interpreter via Matlab commands. It is possible to implement and run programs that create and access Java objects [21] . The Matlab Java interfacing enables the developers to access Java API (Application Programming Interface) class packages that support essential activities such as I/O and networking. Moreover, calling Java object methods, passing data between Matlab variables and Java objects and using either Java or Matlab syntax are just some of the benefits of the Matlab Java Interfacing.
Sending commands, receiving data and parsing them are implemented as a Java thread. Importing this java code in to the Matlab brings all the advantages of multithreading in to the MCCF. Users can use different methods in Matlab which are implemented in MCCF to initialize and communicate with multiple mobile robots in multiple USARSim servers. The USARSim class implements different variables for robot sensors that are automatically being updated within a thread. MCCF translates user commands into KQML messages [22] and translates robots and server KQML messages into Matlab structure formats according to the USARSim communication protocol. Each individual robot can be accessible by its given name after initialization. The "UT_Command(MyRobot, MyCommand);" is an example of User Library functions that accepts multiple command in a Matlab structural format (MyCommand) and sends them for a specific robot (MyRobot). Using multithreading, the MCCF is able to initialize and control numbers of robots at the same time. As visualized in Fig. 3 , it is also able to communicate with number of USARSim servers running on different networked computers simultaneously.
Flowchart in Fig. 4 shows the process of communication with USARSim server by using the MCCF. As it is appear, it is possible to initialize multiple robots and communicate with them simultaneously.
IV. PERFORMANCE EVALUATION
Controlling different mobile robots from wheeled-robots or humanoids to submarine-robots have been experimented successfully with MCCF. A complex humanoid robot full body motion learning task can clearly visualize the performance of MCCF in controlling mobile robots. It is a complex task because, humanoid robots tend to have a large number of degrees of freedom (DOF) which need to be control in real time to keep them dynamically stable. In this experiment, a simulated Sony QRIO humanoid robot in USARSim with 22 DOFs was used. As shown in Fig. 5 , different sensors are available on this robot like IMU, Acceleration and Pressure sensors which are updated every 10ms. Controlling 22 DOFs simultaneously and updating sensory data which needs receiving and parsing at least 4 message strings per second from every robots takes intensive amounts of processing power.
In this experiment using evolutionary approach, the QRIO humanoid mimics a recorded human walking motion obtained from MoCap [23] which is a complete and accurate human motion database. The real-time control loop sends a command to each robot every 8 milliseconds (120Hz). A timer synchronizes the time for each specific command. MCCF structure enables us to do all that and even experiment different learning methods that need several time-consuming trials such as Genetic Algorithm or Reinforcement Learning. Although the USARSim and the MCCF can run on one computer, it is preferred to run the USARSim server on numbers of computers to increase the numbers of trials at the same time. In the GA optimization experiment, 3 PCs with Intel® Core™2 Figure 5 .
QRIO humanoid robot in USARSim. 1.IMU and Acceleration sensors, 2.Pressure sensors Figure 6 . The time taken to optimize the robot gate using 1 to 12 QRIOs simultaneously during GA optimization process. Duo 2.13GHz CPUs were used for USARSim servers and one PC with Intel® Core™ i7 2GHz which is able to run 8 threads simultaneously with its 4 cores for the MCCF. As an experiment, 12 QRIOs on three USARSim servers was controlled successfully during a GA optimization process. Fig.  6 shows the robot gait optimization time using MCCF for 1 to 12 QRIOs simultaneously during 400 generations and its expected time. As it is appear, the time for optimization process using MCCF is nearly the same as the expected time. It shows the MCCF ability in performing complex multi robot communication and control tasks.
V. CONCLUSION
The Mobile Robots Communication and Control Framework implements a powerful multi robot control for USARSim in Matlab. It uses multithreading which was implemented in some Java classes and then added to Matlab. It can connect to multiple USARSim servers simultaneously through TCP/IP socket connection. Moreover, it also takes the advantages of easy integration with other analysis and control methods that have been provided in Matlab tool-boxes. Students and researchers can use a single language and environment to experiment with variety spectrum of mobile robots and different information processing and controlling methods. As this framework is accessible in open source, it can easily be modified for different research activities.
